3 6 Background 3 7 An excessive pulmonary inflammatory response could explain the poor prognosis of chronic 3 8 obstructive pulmonary disease (COPD) patients submitted to invasive mechanical ventilation. The aim 3 9 of this study was to evaluate the response to normal tidal volume (Vt) mechanical ventilation in a 4 0 murine model of pulmonary emphysema, which represents the alveolar component of COPD. In this 4 1 model, two time points associated with different levels of lung inflammation but similar lung 4 2 destruction, were analyzed. 4 3 Methods 4 4 C57BL/6 mice received a tracheal instillation of 5 IU of porcine pancreatic elastase (Elastase mice) or 4 5 the same volume of saline (Saline mice). Fourteen (D14) and 21 (D21) days after instillation, mice 4 6
saline (Saline mice) into the trachea (23). Mice were then subjected to subsequent ventilation at two 1 1 0 time points, 14 and 21 days after instillation. anesthetized, intubated mice, maintained on spontaneous ventilation for two hours. The experimental design included four groups, at two distinct time points from tracheal instillation The total cell count of BAL was determined using a Malassez hemocytometer (Hycor biomedical, Mechanical disruption followed by enzymatic digestion of murine lungs were performed (11, 25) . Total lung cell suspensions were obtained, stained with fluorochrome-conjugated anti-mouse 1 5 5 antibodies for CD11b, CD11c, Gr1 (Ly6C/G), F4/80 and CD62L (L-selectin) or appropriate isotype- populations in murine lung were identified (figure 2). CD11b-, CD11c+ phenotype, with high 1 5 9 autofluorescence defined alveolar macrophages (figure 2C) (25). Monocytes and neutrophils were 1 6 0 identified as CD11b+, CD11c-cells but differed especially in their granularity (side-scatter, SS), and 1 6 1 F4/80 and Gr1 expression (11, 12) . High SS and F4/80-, Gr1+ phenotype defined neutrophils, whereas 1 6 2 low SS, and F4/80+, Gr1mid phenotype characterized monocytes (figures 2D, 2E, 2F). Cells 1 6 3 activation state was assessed using expression of CD62L and CD11b adhesion molecule, as well as
Gr1. All flow cytometric results were presented as relative values, called percentage of gated cells 1 6 5 (26). Continuous data were expressed as median ± interquartile range. Independent sample were compared 1 7 0
using Kruskal-Wallis test followed by pairwise Mann-Whitney test, with correction for multiple 1 7 1 8 testing by Benjamini-Hochberg false discovery rate. Two-tailed p values smaller than 0.10 and 0.05 1 7 2 were considered marginally significant and significant respectively. Morphometric analysis showed a marked increase in mean chord length in Elastase mice (at both D14 additional file) and differential cell count showed a predominance of macrophages (>90% of total 1 8 6 cells) in all groups. Flow cytometric analysis of inflammatory cells from total lung cell suspensions 1 8 7 found a marginally significant increase in the percentage of alveolar macrophages in Elastase SV mice 1 8 8 compared with Saline SV mice at D14 ( Figure 5 ). These macrophages showed a trend towards an 1 8 9 overexpression of CD11b and a stronger autofluorescence, compared with Saline SV mice ( Figure 6 ). Flow cytometric analyses were similar between Elastase SV and Saline SV mice at D21, except for a 1 9 1 significant increase in autofluorescence of alveolar macrophages in the former group (Figure S1 and 1 9 2 S2 in additional file). Effect of mechanical ventilation 1 9 5 9 A gradual decrease in respiratory system compliance (with associated increase in peak airway 1 9 6 pressures) was observed in both Elastase MV and Saline MV mice during the two hours of 1 9 7 mechanical ventilation. This decrease was similar between Elastase MV and Saline MV mice at D14, 1 9 8 but was greater in the former group at D21 (40.8% versus 34.3%, p<0.05, Table 1, Figure 4 ). Main results of our study are as follows: i) elastase instillation resulted in a similarly increased mean 2 2 0 chord length and respiratory system compliance at D14 and D21, as compared to saline instillation; ii) 2 2 1 these alterations were associated with a transient lung infiltration (only at D14) of activated alveolar 2 2 2 macrophages CD11bmid; iii) lung mechanics was similarly altered during a two hours mechanical 2 2 3 ventilation in Elastase and Saline mice, with a gradual decrease in respiratory system compliance; iv) 2 2 4 at D14, mechanically ventilated Elastase mice showed a significant increase in the percentage of 2 2 5 neutrophils concomitant with a decrease in the percentage of alveolar macrophages in total lung, 2 2 6 compared with Elastase animals spontaneously ventilating. Furthermore, alveolar macrophages of 2 2 7 mechanically ventilated Elastase mice at D14 overexpressed Gr1, whereas monocytes showed a trend 2 2 8 to overexpression of CD62L. Elastase-induced emphysema model has been described in numerous studies (20) (21) (22) (23) 27) . Murine mice (in either SV or MV groups, at both instillation times), has been previously reported in the BAL 2 4 6 of smokers (32). A link with tobacco particles phagocytosis has been suggested, without clear 2 4 7 biological significance.
4 8
We chose normal Vt strategy for its clinical relevance, as Vt close to 8 ml/kg are now widespread in 2 4 9 most mechanically ventilated patients (33). In terms of respiratory mechanics, both D14 and D21 2 5 0
Elastase mice responded to mechanical ventilation similarly to Saline mice, decreasing to the same 2 5 1 extent their respiratory system compliance within two hours of ventilation. This decrease is reported 2 5 2 in various ventilated murine models and results from progressive alveolar derecruitment (34). An has been already reported as an important mechanism in VILI (11). Cell phenotype changes included 2 5 8
Gr1 overexpression by alveolar macrophages, and CD62L overexpression by pulmonary monocytes. Gr1 overexpression is the witness of an activation of macrophages, and has already been demonstrated 2 6 0 in infectious circumstances (36). Besides, CD62L is an adhesion molecule whose overexpression on 2 6 1 pulmonary monocytes has already been observed during mechanical ventilation and explained by 2 6 2 cellular activation related to stretch (12). We postulate that inflammatory response to mechanical mechanical ventilation (13). Pre-existing macrophage activation could predispose these cells to 2 7 1 further activation by mechanical ventilation. Whatever the underlining molecular mechanism, this 2 7 2 pulmonary inflammatory response following mechanical ventilation could play a deleterious role in 2 7 3 the progression of pulmonary emphysema, through a worsening of lung inflammation level (30,37). Our study had some limitations. First we did not identify any substantial variations in inflammatory 2 7 5 cell populations in total lung in Saline mice after normal Vt mechanical ventilation, unlike a previous 2 7 6 study with a very close experimental protocol, which highlighted increased number of neutrophils in 2 7 7 total lung, and increased expression of CD62L on pulmonary monocytes, in response to normal Vt 2 7 8 mechanical ventilation in healthy mice (12). However, we observed a trend towards an increased Indeed, the Saline SV group (consisting of mice instilled with saline, anesthetized, intubated and 2 8 2 maintained in spontaneous ventilation for two hours) was probably subjected to some level of 2 8 3 aggression, including pulmonary micro-atelectasis due to hypoventilation. Second, we did not use an interpretation may be complex. In conclusion, in a murine model of pulmonary emphysema induced by tracheal instillation of 2 9 2 elastase, inflammatory response to normal Vt mechanical ventilation was characterized by an increase 2 9 3 in the proportion of pulmonary neutrophils and an activation of alveolar macrophages and pulmonary 2 9 4 13 monocytes. This response was observed only when the emphysema model showed an underlying 2 9 5 inflammation, reflected by the presence of activated alveolar macrophages CD11bmid. Values are expressed as medians ± interquartile range. n = 6 animals /group at D14, 13 animals /group 
